Patients with inflammatory bowel disease (IBD) have a greater risk of infection associated with the endogenous immunosuppression brought about by their underlying disease as well as the exogenous immunosuppression resulting from their therapies. In the last few years guidelines and consensus papers have been issued on the indication of vaccines for these patients as primary prevention of infection. However, vaccine coverage is low, likely because the risk for infection and both safety and efficacy concerns regarding vaccines are scarcely perceived in such cases. The available scientific evidence shows that immunization is safe for most preparations, and bears no association with an increased risk for disease activity. This paper reviews the available scientific literature, and provides recommendations on the vaccination of adults with IBD.
INTRODUCTION
Patients with inflammatory bowel disease (IBD), either ulcerative colitis or Crohn's disease, have a greater risk of infection associated with the endogenous immunosuppression brought about by their underlying disease as well as the exogenous suppression resulting from their therapies (1) (2) (3) . Intestinal barrier impairment and malnutrition are additional risk factors (4) . Although the incidence of vaccine-preventable infections in patients with IBD is not well established, severe forms of pneumococcal infection (fulminant sepsis) (5-7), pneumonia by the varicella-zoster virus (8, 9) , hepatitis B virus reactivation in patients with latent infection (10, 11) , and a high incidence of shingles have all been described (12, 13) . In addition, there is a high risk for cervical dysplasia and cancer (14, 15) , particularly in women with Crohn's disease, due to a greater prevalence of infection with the human papillomavirus. The functional hyposplenism seen in patients by ulcerative colitis conditions a greater risk of infection by encapsulated bacteria (Streptococcus pneumoniae, Neisseria meningitidis and Haemophilus influenzae type b) (1, 6) . The progressively increasing incidence of new IBD cases, the growing use of immunosuppressants, and the introduction of biological drugs (mainly anti-TNF agents) generates a high number of patients at risk of infection. Furthermore, these drugs are used earlier in the course of disease, there is a tendency to use combinations of various immunosuppressants to enhance efficacy, and maintenance programs that are key for sustained remission are employed. In the last few years guidelines and consensus papers have been issued on the indication of vaccines in these patients as primary prevention of infection (1, 16, 17) . Nevertheless, scientific evidence on vaccine response and safety is still limited.
The goal of this paper is to review the available scientific literature and to provide recommendations for vaccine use in adult patients with IBD while considering disease type and treatment as related to vaccine effectiveness and safety. Recommendations for systematic adult vaccination in Spain will be covered first, and then specific indications for patients with IBD will be reviewed. regulated cytokines; similar anti-inflammatory treatments are used for their control, including corticoids, immunosuppressants, and biological therapies such as anti-TNF agents (18) . Biological therapy has revolutionized the management of these conditions but its effect on immune response, which is what conditions therapeutic benefits, also results in an increased risk of infection.
Immunosuppression level depends on the intensity, duration, and type of treatment the patient receives. Immune therapy primarily alters cell immunity whereas humoral response remains more or less unchanged (18) . Unfortunately, no clinical or laboratory parameters are available to accurately assess a patient's immune status. For corticoids, immunosuppression extent increases with treatment dose and duration; the exact dose and administration period necessary for systemic corticoids to suppress the immune system is unclear, but a dose equal to or high than 2 mg/kg of body weight -or a total dose equal to or high than 20 mg/day of prednisone (or equivalent)-is considered to induce clinically significant immunosuppression (19) .
Vaccine effectiveness in patients with IBD depends upon the quality of a patient's immune response to infection, as well as the extent of the immune compromise exerted by therapy on said immune response. Few studies have analyzed vaccine response in this group of patients; however, early immunization is generally recommended, preferably before immunomodulating or immunosuppressing therapy onset, and a serologic monitoring of vaccine response is advised whenever possible.
Defining adequate immunization strategies for these patients is important since vaccine coverage is usually low (20, 21) , probably because of failure to perceive the risk of infection, and of vaccine-related safety and efficacy concerns in these cases. Fear that vaccines, particularly attenuated vaccines, may induce disease flare-ups has a relevant influence on their underutilization in patients with autoimmune disease; this notwithstanding, the available scientific evidence shows that immunization is safe and not associated with an increased risk for disease activity (22) (23) (24) (25) .
The general scheme regarding the immunization of patients with autoimmune disease is as follows:
Patients receiving immunosuppressive therapy
From a vaccination viewpoint patients are considered to be immunodepressed when on treatment with biological agents (such as infliximab, adalimumab or certolizumab) and/or immunosuppressants for maintenance (such as azathioprine, 6-mercaptopurine, methotrexate, mycophenolate, cyclosporin, tacrolimus, etc.), regardless of active substance and dose administered. Patients receiving corticoids for more than 14 days at doses equal to or high than 20 mg/day of prednisone (or equivalent doses of other corticosteroids), as well as patients with significant malnutrition are also included (26) .
Attenuated vaccines are generally contraindicated in these patients. Administration requires that at least three months have elapsed from immunosuppressive therapy discontinuation except for corticoids, whose required interval is only 1 month (26) . If attenuated vaccines were administered before immunosuppressive therapy onset, at least 4 weeks should elapse for immune suppression to be initiated. Table I shows a classification of vaccines according to antigen type and manufacturing method. The attenuated vaccines group includes: triple viral (measles mumps rubella), varicella, BCG, rotavirus, yellow fever, oral typhoid fever (Ty21a), oral poliomyelitis, and herpes zoster (not yet available in Spain).
Inactivated vaccines, polysaccharides and toxoids, may be safely administered to immunodepressed patients but immune response may be lower as compared to healthy people. These vaccines may be administered at any time or stage in the course of disease or treatment, but administration before immunosuppression onset is preferable to ensure a better immunosuppression (2 weeks earlier). Should vaccination occur during immunosuppression, a serological surveillance of response is recommended at one month following the last dose, or repeat vaccination is advised at three months after treatment (26) .
Adult systematic immunization schedule
Assessing vaccination needs for any patient suffering from chronic disease requires a through vaccine history including systematic immunization. Patients with IBD, as is also the case with the general population, should receive Table II shows the adult vaccination schedule used in Spain (27) .
An adult is considered to be adequately immunized if he or she received the following vaccines: -3 doses of DTPa/dT, with the last reinforcing one within the last 10 years. Recently, most Autonomous Regions have deleted reinforcing doses every ten years for adults having received at least 5 doses, and only 1 or 2 additional reinforcing doses are recommended during the remaining life span. A pre-vaccination serologic screening is recommended for patients with IBD according to clinical and immunization history regarding the following diseases: chickenpox, measles, hepatitis B, and hepatitis A.
VACCINES INDICATED FOR PATIENTS WITH INFLAMMATORY BOWEL DISEASE
Due to the specific risk of having some vaccine-preventable diseases or their complications, considering the immunization of patients with IBD is recommended against pneumococcus, influenza, hepatitis A, and hepatitis B, chickenpox, herpes zoster, and human papillomavirus. In patients on immunosuppressants vaccination against Neisseria meningitidis serogroup C and Haemophilus influenzae type b (Hib) should also be considered. Table III shows vaccine indications and administration schedules.
Vaccine against varicella and herpes zoster
The indication of immunization against varicella in patients with IBD is based on the high risk of chickenpoxrelated complications seen in adults and immunodepressed hosts (8, (28) (29) (30) (31) . The presence of natural or vaccine-induced immunity using serology must be ascertained. A clinical history of varicella infection has limited sensitivity for the identification of seronegative cases (32) . In case of susceptibility immunization with 2 vaccine doses (schedule: 0, 1 month) should ensue. As this is an attenuated vaccine, administration is recommended at least 4 weeks before treatment onset with immunomodulators or immunosuppressors (1, 16, 17) . Should a risky exposure occur to a susceptible patient on immunosuppressants or immunomodulators post-exposure prophylaxis is advised with hyperimmune globulin (IM: 12.5 U/kg; 125-625 U) or polyvalent immune globulin (0.6-1.2 ml/kg; maximum dose, 20 ml) (33, 34) .
Herpes zoster (shingles) occurs as a reactivation of latent infection with the varicella-zoster virus. One out of every three individuals will develop shingles in their lifetime, this risk being high for immunodepressed subjects (35) . Studies in patients with IBD show a high incidence as compared to healthy controls (13) (36) .
The herpes zoster vaccine reduces the incidence of this condition by 51 %, and that of post-herpetic neuralgia by 67 % in people above 60 years of age (37) . This vaccine is authorized in the USA for individuals older than 50 years but is still unavailable in Spain. Administration to immunodepressed patients should be carefully considered given its attenuated nature. Corticoids at doses below 20 mg/day of prednisone or equivalent, as well as low-dose methotrexate (≤ 0.4 mg/kg/week), azathioprine (≤ 3 mg/kg/day) or 6-mercaptopurine (≤ 1.5 mg/kg/day) do not contraindicate immunization (35) . The efficacy and safety of this vaccine in patients on anti-TNFs is unknown, hence it is recommended that vaccination take place at least one month prior to therapy onset or be delayed until 3 months after treatment discontinuation.
Influenza vaccine
The risk of flu complications in patients with IBD is poorly documented but expected to be higher than that of healthy persons. There is international consensus to recommend influenza vaccination every year to people with chronic diseases, particularly patients with immunosuppression (38) .
The safety of influenza vaccines in patients with immune-mediated diseases is similar to the general population. Studies in these patients show no relationship between clinical activity and vaccination (18, 39) . Immune response to vaccination may be diminished in patients with IBD on immunosuppressants or immunomodulators: Mamula et al. analyzed response rates in children with IBD and observed seroconversion in 33 to 85 % of vaccine recipients, with response percentage being lower in those on combined therapy with immunomodulators and infliximab (40) . Recent studies with the influenza A H1N1 virus vaccine also suggest that patients on combined therapy with anti-TNF antibodies and immunosuppressants have a suboptimal response (minor seroconversion rates and geometric mean concentrations of antibodies) (41, 42) . However, a similar study also in children reveals geometric mean concentrations of anti-hemagglutinin antibodies that are comparable in all patients regardless of treatment except for those who received anti-TNFs, where only 14 % had seroprotection against the influenza B strain included in the vaccine (43) .
Only inactivated influenza vaccines are currently available in Spain, hence they may be yearly administrated to all patients with IBD regardless of the therapies they are on.
Pneumococcal vaccine
Patients with diseases which produce immunosuppression, could have high risk of developing pneumococcal infections, of serious forms, and of having complications. Particularly, patients on immunomodulators are considered (48) . Another recent study obtained similar results for patients on infliximab alone or in combination with immunosuppressants (50). On these grounds early administration, prior to treatment onset, is recommended.
The use of the 13-valent pneumococcal conjugate vaccine (PCV-13) has been recently approved for adults older than 50 years (51, 52) . The conjugation of polysaccharides in the vaccine allows the induction of a T-cell-dependent immune response that improves immunogenicity, targets nasopharyngeal bacterial colonization, and allows the generation of immune memory when compared to non-conjugated polysaccharide vaccines (53) .
Pneumococcal vaccination schedules for adults with IBD are shown in table IV according to age and treatment type. Table V) .
Hepatitis B virus (HBV) vaccine
Although the prevalence of infection with hepatitis B virus in patients with IBD is similar to the general population (54, 55) , a high risk of reactivation (56) and fulminant hepatitis B has been described in patients on immunomodulators (10, 11) . In addition, these patients frequently undergo invasive procedures apt to increase viral transmission (57, 58) .
Serologic markers of infection with hepatitis B virus should be determined in all patients with IBD susceptible subjects should be vaccinated and subsequently to assess the vaccine response (17, 44, 59 ). Hepatitis B virus surface antibody levels (anti-HBs) equal to or higher than 10 mIU/ml are considered protective (60) .
The response to HBV immunization is lower in immunodepressed patients than in the general population (60) . Response rate lower than 50 % have been described in patients with IBD, with a significant association between vaccine response and type of treatment (61) (62) (63) (64) . Modified immunization schedules, high doses, and new adjuvanted vaccines have been studied (65, 66) as strategies to improve response quality. Some studies suggest that schedules with double antigen doses (40 mcg) in non-responders or subjects on immunosuppressants/immunomodulators at immunization onset do increase response rates by 30-50 % (67-71). Early vaccination is recommended and, if possible, end the schedule prior to initiate therapy with immunosuppressants/ immunomodulators. Vaccine response should be monitored at one to three months after the last dose (17) . The standard schedule includes 3 doses with a minimum interval of one month between the first and second administrations, and of two months between the second and third ones (60) . Rapid or accelerated schedules may be used in situations requiring faster immunization according to the following regimens: 0, 1, 2 and 6-12 months (rapid schedule) or 0, 7, 21 days and 12 months (accelerated schedule) (72, 73) . Initial vaccination using the rapid schedule and double antigen dose is recommended for immunodepressed patients, which achieve better response rates. If these patients do not develop an adequate response, should receive a second complete schedule with double antigen doses (17, 63, 74, 75) .
Hepatitis A virus (HAV) vaccination
The risk of hepatitis A in patients with IBD is similar to that in the general population but the complications rate is higher in adults and immunodepressed subjects. Hence, some authors deem it appropriate to assess the presence of immunity and vaccinate susceptible individuals (1, 17) .
In our setting, the prevalence of natural immunity is elevated in adulthood, with levels above 75% in people older than 35 years (76) . Therefore, a pre-vaccination serological screening by measuring IgG antibodies is efficient for patients older than 40 years and in those coming from high endemicity areas (77) . Monovalent preparations and a combined vaccine are available against hepatitis A and B (78); the hepatitis A virus vaccine is thought to be equally immunogenic in patients with IBD and healthy subjects, as revealed by a study in a pediatric population by Radzikowski et al. (79) . Table III includes the recommended vaccine schedule.
Human papillomavirus (HPV) vaccine
Human papillomavirus is a necessary, albeit insufficient cause of cervical, vulvar, and anal cancer. A higher prevalence of cytological abnormalities, high-grade dysplasias, and cervical cancer has been described for women with IBD when compared to age-, race-, and parity-matched controls (42.5 vs. 7 % of women with Pap smear changes, respectively), especially when on immunomodulators (14, 15, 36, 80, 81 Several guidelines and consensus documents recommend HPV vaccination for patients with IBD, especially when on immunomodulators or immunosuppressants (1, 17, 44, 82) .
No data have been yet reported on the immunogenicity and safety of this vaccine in patients with IBD; however, its efficacy and safety in the general population is high, and because it is a recombinant preparation, safety may be presumed for immunodepressed individuals (82, 83) . Clinical trials are now ongoing in patients with HIV infection and other secondary immunodeficiencies.
Meningococcus and Haemophilus influenzae type b (Hib) conjugate vaccines
Conjugate vaccines against Haemophilus influenzae type b (Hib) and Meningococcus C (MCC) are included in the systematic immunization schedule for children in Spain, and are also recommended for adults at risk and immunodepressed individuals (27) . In our country, patients with IBD who did not receive these vaccines during childhood and who are treated or apt to be treated with immunosuppressants, should be immunized with one dose of MCC vaccine and one dose of Hib vaccine (1, 17, 84) . The MCC vaccine will be substituted for the tetravalent conjugate vaccine in patients residing in or frequently traveling to countries with a high incidence of serogroups A, Y, and W135 (e.g., the African meningitis belt zone).
Protection duration for polysaccharide conjugate vaccines such as bivalent (A, C) and tetravalent (A, C, Y, W 135 ) meningococcal vaccines decreases over time, hence patients at risk having received some of these vaccines should be re-vaccinated with the conjugate counterpart vaccines (85) .
VACCINES INDICATED FOR TRAVELERS WITH IBD
The number of international travelers has spectacularly increased in the last few decades. This increased traveling, both for work-and leisure-related activities, from low endemic to high endemic countries for many transmittable diseases, as well as a more usual contact of travelers with local residents, renders it particularly important to ensure adequate protection beforehand. An adoption of preventive measures is especially important for more vulnerable individuals, including patients with IBD, and most particularly those on immunosuppressants. It is highly desirable that patients seek help in an international vaccination unit before traveling, where immunizations indicated according to journey type and destination will be evaluated. Table VI shows the vaccines that may be indicated for travelers with IBD.
VACCINES INDICATED IN PERSONS LIVING WITH IBD PATIENTS
Health care staff and persons who live with immunodepressed patients should receive immunization against certain diseases in order to minimize the risk of infection transmission to patients or family members.
A particular case is vaccination for infants whose mothers have IBD. Some immunosuppressants do cross the placenta and may be detected in the blood of infants up to 6 months old. This fact implies that some attenuated vaccines, such as rotavirus vaccines, are contraindicated in infants younger than 6 months should the mother be on infliximab, adalimumab or certolizumab (17, 86) . Table VII shows vaccines indicated for coresidents of patients with IBD.
CONCLUSIONS
Immunizing patients with IBD is an effective, safe preventive measure for infection control; however, vaccination coverage is usually low in this vulnerable population group. Early immunization before immunosuppressive therapy onset is associated with improved immune response. Attenuated vaccines are generally contraindicated in patients on immunosuppressants or immunomodulators. Further studies are needed to provide a deeper insight into vaccine response and vaccination schedules appropriate for these patients. 
